Forty-one rats were divided into six groups assigned to one of six diets containing three different fat types (sunflower oil, lard or 50:50 (w/w) blend of sunflower and lard) at one of two levels (5 or 30%) to determine the effect on the corticosterone (Cs) level in the cytosol fraction of the adrenal glands, heart muscle and aorta in rats. Plasma cholesterol concentrations and body composition were also measured.
INTRODUCTION
A number of studies have shown that the quantity and quality of the diet may exert an influence on hypothalamic-pituitary-adrenal (HPA) axis activity, mainly on the secretion of glucocorticoids (Endozien et al., 1978; Tannenbaum et al., 1997; Leibowitz et al., 1998) . This secretion is, among other factors, modulated by dietary fat, namely free fatty acids. It seems that fat is one of the macronutrients that markedly influence HPA axis activity; the physiological effects of this macronutrient depend on its level and source in the diet, i.e. the type and amount of fatty acids (FAs) and cholesterol. On the other hand, the HPA axis is an endocrine pathway that, in addition to its numerous functions, promotes lipolysis and elevated FFA levels in the blood. Nevertheless, it was shown that FAs activate the secretion of glucocorticoids (GCs) in adrenal glands (Widmaier et al., 1992) .
It is believed that the effects of a high-fat diet mimic those of ACTH on GCs levels. On the other hand, it is possible that the effects of a high-fat diet may be mediated by these hormones (Tannenbaum et al., 1997) . This applies mainly to the risk of abdominal obesity, coronary heart disease (CHD), noninsulin-dependent diabetes mellitus (NIDDM), and other diseases (Lipid Research Clinics Program, 1984; Storlien et al., 1986; American Diabetes Association, 1987; Malozowski et al., 1990; Zimmet and Baba, 1990; Golay andBobbioni, 1997) . Glucocorticoids, in addition to their numerous other functions, regulate cardiovascular homeostasis via the effects of circulating components generated within the adrenals and also through local synthesis (Silvestre et al., 1998) . Prolonged excess of GCs may lead to various diseases. The corticosterone (Cs) level in heart muscle and vessels, target tissues for this glucocorticoid, reflects its uptake by these tissues, therefore gives a chance to estimate the risk of developing cardiovascular diseases. A diet with a proper FA profile may minimize this risk. Additionally, excess dietary cholesterol may also lead to occurrence of cardiovascular disease. The composition of fatty acids of dietary fats influences the plasma concentration of cholesterol (Ghatak et al., 1992) and is, therefore, considered of major importance in the etiology of coronary heart disease (Grundy, 1989; Hegsted, 1991) . High consumption of saturated fats and cholesterol is associated with higher blood cholesterol and higher frequency of myocardial infarction and death from CHD. On the other hand, a diet rich in polyunsaturated fatty acids and monounsaturated fatty acids may prevent CHD and many other diseases (Sinclair, 1984; Leaf and Weber, 1988; Harris, 1989; Mensink and Katan, 1989; Oliver et al., 1989 ).
The present study was performed to examine the influence of dietary fat on Cs concentration in target tissues, an issue about which there is still very little knowledge.
MATERIAL AND METHODS

Animals and diets
Forty-one male Wistar rats weighing 110-130 g at the beginning of the experiment were used. The animals were housed in individual stainless steel cages and maintained at 23°C with a 12:12 h light-dark cycle. After a three-day adaptation period, the rats were randomly divided into six groups and assigned to one of six diets containing three different fat types (sunflower oil, lard or 50:50 w/w blend of sunflower oil and lard) at one of two levels (normal, 5, or high, 30%). The composition of test diets and their fatty acid contents calculated from data given by Kunachowicz et al. (1998) are shown in Tables 1 and 2 , respectively. The rats were given free access to the diet and tap water throughout the 4-week experiment. Daily intake of food was measured for each animal after correction for spilled food; body weight was monitored every three days. 
Tissue collection
At the end of the experiment, the rats were etherized and blood samples were collected from the heart into heparinized tubes and centrifuged at 3000 g for 10 min; the plasma was stored at -23°C until assayed for cholesterol concentration. Additionally, adrenal glands, heart and aorta were dissected, rinsed, blotted, weighed and snap frozen in liquid nitrogen for hormone determination; carcasses were frozen for chemical analyses.
Radioimmunoassays
The corticosterone level in cytosol extracts of adrenal glands, heart and aorta was measured by radioimmunoassay (RIA) according to Stupnicki (1985) . The assay sensitivity and intra-and inter-assay coefficients of variation were 10.0 pg/ ml, 3.2, and 4.5%, respectively. Tissue cytosol Cs concentrations were expressed in ng or pg per mg of cytosol protein determined by the method of Lowry et al. (1951) .
Plasma cholesterol
The plasma cholesterol concentration was estimated by the method of Watson (Mangold and Bezzegh, 1974) .
Carcass analyses
Chemical components (dry matter, protein, fat, ash) were determined in triplicate samples of autoclaved and homogenized carcasses by means of standard analytical methods according to AOAC (1960) (oven-drying, Kjeldahl method, diethyl ether-extraction and muffle-oven combustion, respectively).
Statistical analyses
Data on plasma cholesterol and corticosterone concentration and body composition were subjected to two-way variance analysis (ANOVA) to determine the influences of fat type and fat level in the diet. When analysis of variance indicated significant differences (PO.05), a multiple comparison was performed to compare group means using the Fisher's least significant differences (LSD) method. Finally, correlations between tissue corticosterone concentration and fatty acid intake (calculated from fat intake and fatty acid content in dietary fat) were also evaluated. The computations were performed using STATGRAPHICS Plus version 4.1.
RESULTS
Food intake
Daily food intake during the 28-day experiment was fat-level dependent (Table  3) . Animals fed diets containing 5% fat (diets A, C, E) consumed significantly more food than rats receiving diets with 30% fat (diets B, D, F). Fat type, however, did not significantly affect food consumption. In addition, the amount of fat consumed and type of dietary fat significantly influenced consumption of the respective fatty acids. Although groups B, D and F consumed, as mentioned above, less food than other groups, the rats given high-fat diets (30%o fat, diets B, D, F) consumed significantly more respective fatty acids than animals given low fat diets (5% fat, diets A, C, E).
Final body weight and body weight gain
Despite differences in food consumption, final body weights did not significantly differ between dietary treatments, being: 226±4 g; 217±5 g; 231±5 g; 225±6 g; 226±3 g; 224±7 g for groups A-F, respectively. Thus, neither fat type nor fat level in the diet influenced final body weights of the experimental groups. However, the body weight gains of rats receiving 5% fat diets, in comparison with the 30%) fat groups, were slightly higher throughout the experiment (the 5%o fat groups gained weight slightly faster than the 30%) fat groups) (Table 3) .
Body composition
Results from chemical analysis are summarized in Table 4 . Due to technical problems, the results of groups A and B are means of 5 and 6 rats, respectively. Although no differences in final body weight were found between dietary treatments, rats differed in body composition depending on fat level and fat type. Rats fed diets containing 30% fat, when compared with rats given the fed 5% fat diets, had a significantly higher percentages of dry matter (34.45±0.30 vs 33.28±0.31) and fat (10.36±0.39 vs 8.08±0.40) in the body. However, the percentages of protein and ash were significantly lower in these rats (21.18±0.12 vs 22.28±0.13 and 3.28±0.03 vs 3.39±0.03, respectively).
The type of fat significantly influenced the body dry matter percentage (PO.0278). Rats offered lard diets and sunflower oil diets had a significantly higher percentage of dry matter (34.45±0.35 and 34.17±0.40, respectively) than rats fed mixed fat diets (33.09±0.35). In addition, the fat percentage tended to be higher in rats fed diets with lard (9.89±0.46) than in those receiving mixed fat diets (9.35±0.46), however, no significant influence of fat type on body fat percentage (PO.0630) was found. Protein and ash percentages were not affected by type of dietary fat, either (PO.4836 and PO.8357, respectively).
Corticosterone concentrations in adrenal glands, heart and aorta
A significant influence of dietary fat type on the corticosterone concentration in the cytosol of adrenal glands (PO.05), heart (PO.05) and aorta (PO.003) was observed in the present experiment. The high fat groups (B, D, F) did not differ in corticosterone concentration in adrenal glands. Significant differences were, however, found between groups fed 5% fat diets. The corticosterone concentration in the cytosol of adrenal glands was significantly higher in the 5% lard group than in other two groups, the 5% sunflower oil and 5% oil plus lard groups (Figure 1) .
Similarly, no significant differences in heart cytosol corticosterone concentrations were found between groups fed 30% fat diets containing sunflower oil, lard, or a mixture of sunflower oil and lard, while in the 5% fat groups, the corticosterone concentration in heart cytosol was significantly lower in rats consuming a mixture of animal and vegetable fat than in animals fed the diet containing sunflower oil (Figure 2) .
The corticosterone concentration in the cytosol of the aorta was found to be significantly lower in rats fed mixed diets containing 5 and 30% fat than in animals offered diets with a low or high level of sunflower oil. Moreover, the hormone concentration was about 50% lower (PO.01) in group D receiving the 30% lard diet than in group B fed the diet containing sunflower oil at the same level (30%) (Figure 3) .
Statistical analysis did not reveal any significant influence of the level of dietary fat on corticosterone concentration in the cytosol of the body organs examined. 
Plasma cholesterol concentration
It was shown that neither fat type nor fat level in the diet significantly influenced the plasma cholesterol concentration of the experimental animals. No significant differences were found between respective dietary treatments, either. The plasma cholesterol concentrations were: group A 102±18 mg/100 ml; B 101±24 mg/100 ml; C 93±10 mg/100 ml; D 109 ± 12 mg/100 ml; E 94 ±11 mg/ 100 ml;F96± 18 mg/100 ml.
DISCUSSION
A large number of studies have addressed the question of the influence of dietary macroelements on the secretion of corticosterone (Endozien et al, 1978) . With regard to diets that differ in fat level, no unequivocal conclusions can be drawn on the influence of the amount of fat in the diet on adrenal secretion of this glucocorticoid. The results obtained to date are often conflicting and sug- gest the possible significant impact of the type of fat in the diet and, more precisely, of the fatty acids that constitute this fat.
Two types of fat were studied in the current experiment: lard, a fat of animal origin, rich in saturated fatty acids (C, 4:0 , C 16:0 , C ]8:0 ), monounsaturated fatty acids (C 18:1 ) and cholesterol, and sunflower oil, a vegetable fat rich in monounsaturated fatty acids (C 18:l ), polyunsaturated fatty acids (C 18:2 ), but cholesterol-free. As outlined earlier, long-chain fatty acids (mainly oleic acid and linoleic acid) significantly stimulate adrenal steroidogenesis (Elliott and Goodfriend, 1993/ In addition, saturated fatty acids and short-chain unsaturated fatty acids proved to be ineffective in inducing this process (Sarel and Widmaier, 1995/ This indicates that diets rich in long-chain fatty acids should increase the synthesis of corticosterone in the adrenals and raise the plasma concentration of this hormone.
The present study showed that the diet containing 5% lard increased the corticosterone concentration in the secreting organ when compared with other diets containing 5% fat (sunflower oil or mixture of lard and oil). No significant differences, were, however, found in animals fed diets containing 30% fat, irrespective of fat source. Moreover, diets differing in fat level did not significantly influence the corticosterone concentration in the examined organ. Similar results were obtained from the study of Rosolowska-Huszcz et al. (2001) . In this experiment the diets contained 10%> fat from different sources and the lowest level of adrenal corticosterone was found in the group of rats fed a diet containing sunflower oil, while the lard diet significantly increased the level of this hormone in the secreting organ.
The glucocorticoid content determined in the cytosol of target organs, i.e. heart muscle and aorta, is the sum of hormones taken up from the blood stream and synthesized in these organs. Both heart muscle and vessels have been shown to express 1 l(3-hydroxylase the enzyme catalyzing the conversion of 11-deoxycorticosterone to corticosterone (Silvestre et al., 1998) . Rosolowska-Huszcz et al. (2001) noted no significant differences in the corticosterone level in the cytosol of either the aorta or heart of animals fed diets containing 10% sunflower oil and 10% lard. Such differences were, however, detected in the current study. We found the concentration of corticosterone in heart cytosol to be significantly higher in animals given the diet with 5% sunflower oil than in animals offered the diet containing a mixture of both fats at a 5% level. On the other hand, the diet with sunflower oil, compared with diets containing 5 and 30% of mixed lard and sunflower oil and the diet with 30% lard, significantly increased the corticosterone content in aorta cytosol.
The hormone content in the cytosol of the investigated target organs was also affected by the level and type of fatty acids present in the diet. This is indicated by significant correlations between the intake of dietary fatty acids and the level of corticosterone in the aorta and heart cytosol of the experimental animals.
Such a correlation was found in the current study -the intake of C I4 . 0 and hormone levels in the heart and aorta were negatively correlated, with correlation coefficients of r=-0.47, P<0.01 and r=-0.54, PO.002, respectively. However, in the study by Rosolowska-Huszcz et al. (2001) , significant correlation was found between saturated fatty acid (C 14 . 0 , C 18 . 0 ) or unsaturated fatty acid (C 18 .,) intake and the corticosterone level in the cytosol of heart muscle (r=0.34, PO.05; r=0.42, PO.01 and rO.48, PO.002, respectively) This means that the examined target organs are sensitive to dietary fatty acids and that these fatty acids significantly affect the process of corticosterone uptake by receptors in both organs.
The pattern of fatty acids in the diet consumed and the content of dietary cholesterol significantly affect the concentration of cholesterol in the blood (Grundy, 1989 ) and in individual tissues (Baldner et al., 1987) . In a healthy organism, dietary cholesterol inhibits cholesterogenesis, mainly in the liver and small intestine. This mechanism plays a crucial role in maintaining homeostasis of cholesterol in the blood. Nonetheless, any differences in the type of diet consumed, mainly in the composition of fatty acids and cholesterol, may disturb cholesterol homeostasis. On the one hand, an elevated blood cholesterol level is often ascribed to an increase in the intake of saturated fatty acids (mainly C 12 . 0 -C 16 . 0 ), cholesterol, and energy. On the other hand, mono-and polyunsaturated fatty acids have an opposite effect on blood cholesterol levels (Ghatak et al., 1992) .
To date, a large body of studies has been undertaken to assess the influence of different fat types and levels in the diet on blood cholesterol concentrations, as well as on the concentration and synthesis of cholesterol in different tissues and organs, but the results are conflicting. Early and Spielman (1994) found that plasma cholesterol in rats was not affected by the type of dietary fat. On the other hand, in rats fed diets with higher fat levels, plasma cholesterol concentrations were higher. In contrast, in the study of Wiggers et al. (1977) plasma cholesterol concentration was fat-type dependent and was higher in rats fed diets containing fat rich in polyunsaturated fatty acids. However, in the present study we did not observe any difference in plasma cholesterol concentrations in experimental animals, although the fats of the diets offered to rats differed significantly in fatty acid composition and were from different sources.
Epidemiological human studies provide evidence of an association between the percentage of energy in the diet obtained from fat and increased body weight and body fatness (Golay and Bobbiorii, 1997) . However, in the present experiment and other studies performed in animals, feeding a high-fat diet resulted in an increased body fat content without significant changes in body weight (Boozer et al., 1995) . Intriguingly, body fat accumulation may be influenced not only by the composition of diet fed to studied animals, but also by maternal high fat diet, as shown by Wuet al. (1998) .
In the present study, no difference in final body weight was found due to fat type in the diet, consistent with the findings of Cha and Jones (1997) . Body fat content tended to differ, however, between rats offered diets containing lard and those consuming mixed fat diets. In epidemiological human studies, intake of animal fat was positively associated with weight gain, whereas intake of vegetable fat showed a negative association (Colditz et al., 1992) . Wilson et al. (1990) showed that feeding high-fat diets (at least 25% energy as fat) to rats suppresses hepatic lipogenesis and that at this level of fat sunflower oil was more inhibitory than beef tallow. These findings could indicate different properties of animal and vegetable fats in promotion of weight gain and fat accumulation, which was shown in animals (Shimomura et al., 1991) . Our data do not, however, support these findings, since no differences in body weight and fat content were found between rats fed high-fat diets containing fat of different origin (sunflower oil, lard or oil plus lard mixture).
CONCLUSIONS
The presented study clearly indicates that dietary fat and its composition affect corticosterone secretion, distribution and uptake by the target organs without any influence on plasma cholesterol concentration. Body composition is also affected by the amount and type of fat in the diet.
Having in mind, however, the importance of the issue, the problem necessitates further investigation.
